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Abstract 
 
There have been the results of the tribiological research presented of the tool, non-alloy steel C90 and high speed steel HS 6-5-2. The 
comparison has been presented due to the similar content of the carbon in both steels. The tribiological research were conducted in the 
conditions of the technically dry friction on a testing machine of the type pin on disc T-01M. The tribiological research showed the similar 
intensity of tribological wear of the steel C90 and HS 6-5-2 remelted with the electric arc. During the friction there was the abrasion and 
adhesive wear. 
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1. Introduction 
 
The exploitation features such as tribiological resistance, cor-
rosion resistance or fatigue resistance of the tools and machine 
elements depend mainly on the surface layer of the structure. It 
determines the pressure on the strengthening technologies, most 
of all the surface layer of the produced elements. Modern tech-
nologies such as: laser treatment, electron treatment, CVD, PVD 
methods, give the possibility of forming the structure of the sur-
face layer providing the demaded properties. Among all men-
tioned above strengthening technologies of surface layer, the most 
economic one is the method of remelting with the electric arc. 
Advantages of that method are the possibilities of receiving wider 
treated areas with one stream of the heat in comparison with the 
laser technologies or electron ones. The structure can be shaped 
by the technological parameters regulations of the remelting 
process such as the amperage, speed of the heat source or plasma 
formative gas composition.[1-6]. 
The aim of work was to define the intensity and type of the 
tribiological wear of the non-alloy, tool steel C90 and high speed 
steel HS-6-5-2 remelted with the electric arc. The criteria of 
choosing those steels was similar to the content of carbon in 
tested steels.  
 
 
2. Material and test methodology 
 
The non-alloy, tool steel was tested C90 in a state after normaliz-
ing and from the high-speed steel  HS 6-5-2 in a state after  anneal-
ing. The samples for the tests were made in a shape of the cubi-
coid of the size 200x50x20 mm (Fig. 1).  
 
 
 
Fig. 1. Shape and size of samples for the tests 
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with the use of the FALTIG 315AC/DC apparatus The single 
remelting was applied. The treatment parameters were used: 
amperage of the electric arc I=100A, speed of the electrode 
movement v=200  mm/min. As the plasma formative gas, the 
argon was used. The treatment has been conducted at the depart-
ment of Foundry and Welding of Rzeszow University of Tech-
nology. The tribiological research was realized within the condi-
tions of the dry friction on a testing machine T-01M working in 
the system pin-disc. 
The linear wear, friction coefficient, intensity of tribological 
wear were defined and the type of wear too. The test was continu-
ous before the remelting and after remelting with the electric arc. 
The way of sample cutting for the tribiological tests was presented 
in Fig. 2.  
 
 
Fig. 2. The diagram of cutting samples for tribiological tests 
 
The following parameters of the friction process were applied: 
friction track s = 2000 m, surface pressure in the zone of contact 
p  =  3,0  MPa, slid speed v  =  0,17  m/s. For the steel - C90 the 
antisample was used  from the high speed steel HS 6-5-2 after the 
conventional heat treatment of the hardness of 63 HRC, whereas 
for the steel HS 6-5-2 from the sintered carbides of the hardness 
of 1500 HV. The intensity of the tribological wear I was calcu-
lated according to the relations (1).   
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where: ∆m – the difference of the sample mass before and after 
the test , g; s – friction track, m; A – the field of the friction 
area, m
2. 
 
The aim of defining the type of the tribbological wear after the 
tribiological test, was to conduct the metallographic analysis of 
the friction areas on a Tesla BS 340 electron microscope.  
 
3. Results 
  The exploitation resistance of the tools is determined by the 
material structure. The application of the remeltings of the surface 
layer with the electric arc leads to structural changes translating 
into the increase of the technological proprieties. After the remelt-
ing surface layer, structure of the remelting zone C90 steel is 
created by the dendritic cells surrounded by the cementite, inside 
of which there is a plate martensite and retained austenite. In the 
HS 6-5-2 steel, depending on the temperature gradient which is 
present in the remelting zone, the zone structure can constitute: 
cells, dendritic cells and dendritic surrounded with the eutectic 
system. Inside the cells there is a plate martensite and retained 
austenite.  
The average coefficient of friction for the steel C90 in the normal-
ized status, in the first period of friction was 0,7, after course of 
approx. 400 m it stabilized at the level of 0,62. After the remelting 
with the electric arc, the friction coefficient on the track of 800 m 
was stabilized at the level of 0,61 (Fig. 3).  
 
Fig. 3. The change of the friction coefficient for the steel - C90 
after normalizing and remelting with the electric arc in the func-
tion of the friction track 
 
For the high-speed steel, the friction coefficient took higher value 
than in the steel C90. In the steel HS 6-5-2 annealed, the average 
friction coefficient was 0,71, however after the remelting it de-
creased to the value of 0,66 (Fig. 4). 
 
 
Fig. 4. The change of the friction coefficient for the steel   
HS 6-5-2 after annealing and remelting with the electric arc in the 
function of the friction track 
For indication the speed of the material wear depending on the 
friction track, at the moment of the test, the length of the sample 
was measured with the frequency of 1 Hz. In all tested samples, 
the course of the linear wear in the friction track function can be 
approximated to the straight line (Fig. 5, 6). The reason of that is 
earlier sample adjustment and the thing that after the remelting, 
the maximum linear wear of the tested samples is smaller than the 
depth of remelting.  
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Fig. 5. The linear wear of the C90 steel after normalizing and 
remelting with the electric arc in the function of the friction track  
 
 
 
Fig. 6. The linear wear of the HS 6-5-2 steel after annealing and 
remelting with the electric arc in the function of the friction track   
 
The intensity of the tribiological wear for the steel C90 and 
HS 6-5-2 before and after remelting was presented in the Fig. 7. 
Steel C90 and HS 6-5-2 after the remelting with the electric arc in 
the conditions of the dry technical friction show similar intensity 
of wear. The reason for that can be the similar content of carbon 
in both steels, which decides about the hardness of steel which 
translates into the intensity of the tribological wear. According to 
the standard PN-EN ISO 4957:2002U the hardness of the steel  
HS 6-5-2 after the conventional hardening from the temperature 
1220 
oC in the oil, is 64 HRC, and the steel C90 after the conven-
tional hardening from 780 
oC in water  - 64 HRC. The micro-
hardeness measurement in the remelting zone of the tested steel 
shown that their average microhardeness was also at the same 
level of 800 HV0,065 for the C90 steel and 790 HV0,065 for the 
HS-6-5-2 steel. 
The alloy elements in the high speed steel will contribute to keep-
ing the high hardness and tribological resistance in higher tem-
peratures of work, that is why it is appropriate to conduct the 
tribiological tests in higher temperatures.  
 
Fig. 7. Comparing the intensity of the tribological wear C90 steel 
and HS 6-5-2 steel before and after remelting with the electric arc  
 
Metallographic tests SEM of the friction surface of the C90 steel 
and HS 6-5-2 steel show that there is the abrasion and adhesive 
wear present. Micromachining, scratching and grooving of the 
surface show that there is a abrasion wear (Fig. 8, 10). 
 
 
 
Fig.8. SEM view of the friction surface of samples made from the 
C90 steel remelted with the electric arc; micromachining, scratch-
ing and grooving typical for the abrasion wear 
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Fig.9. SEM view of the friction surface of samples made from the 
C90 steel remelted with the electric arc; accretions typical for the 
adhesive wear 
 
 
 
Fig 10. SEM view of the friction surface of the HS 6-5-2 steel 
remelted with the electric arc, micromachining, scratching and 
grooving typical for the abrasion wear 
 
 
 
Fig 11. SEM view of the friction surface of the HS 6-5-2 steel 
remelted with the electric arc, accretions typical for the adhesive 
wear 
The adhesive wear is shown with numerous accretions, craters on 
the friction surface (Fig. 9, 11). Because the process is within the 
technically dry friction conditions, one should expect that the 
mechanism of wear by oxidizing is also present [7].  
 
4. Conclusions 
 
Non-alloy, tool C90 steel and high speed HS6-5-2 steel 
remelted with the electric arc with the parameters accepted in that 
work show similar intensity of tribiological wear during the test in 
the temperature of approx 20
0C. It can be explained with the 
similar content of carbon in both steels. The main mechanism of 
wear which is present during the test was the abrasion and adhe-
sive wear. 
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